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Abstract. Diacetyl and 2, 3-pentandione are important contributors to beer flavor. These two compounds 
are grouped and reported as the vicinal diketone (VDK) content of beer. The removal of diacetyl is an important 
step in the maturation of beer. Diacetyl is formed by oxidative decarboxylation of α-acetolactate. In the next step 
of fermentation, diacetyl is transformed to acetoin by enzymatic complex of the yeast. For flavor profile of beer 
it is very important that the concentration of VDK to be less than flavor threshold. 
In brewery pilot plant from USAMV Cluj-Napoca production trials were performed to monitoring any 
influence on beer quality and to optimize saving in time and cost. Four sets of brew trials have been selected as 
representative examples from the trials performed. 
 
INTRODUCTION 
 
 
 
Diacetyl and 2, 3 pentadione are normal products of yeast metabolism and they are formed in every brewing fermentation. The desire 
level in the final product depends on the particular flavor which mach the beer profile, but in all types, flavor defect are caused by 
excessive concentration of diacetyl. 
Diacetyl and pentanedione have similar tastes and smell, and the flavor is so 
characteristic that is described as ״ diacetyl״. It is also described as ״ butter ״, ״honey״. The 
taste and smell varies with concentration and is modified by presence of other substances, as 
are strong bitterness, malt flavor. The sensorial detection is very difficult because individuals 
differ in their sensitivity to diacetyl. It seems that the taste for diacetyl in lager beer is about 
0.04-0.08 ppm and in all about 0.08-0.4 ppm. The taste threshold for pentanedione is about 
ten times as high at 0.8 ppm. 
In lager beer the diacetyl flavor is a defect, but a limited diacety flavor is regarded as 
desire in some ale. The limit 1.0 ppm seems to be unacceptable. 
Diacetyl also known as 2, 3 butanedione is produced outside of the yeast cell when the 
compound α-acetolactate is oxidized by metal ions or dissolved oxygen. During aging, yeast 
cells absorb diacetyl, use it as a hydrogen donor in biochemical reaction and in the process 
convert into a flavorless alcohol called 2, 3 butanediol. Diacetyl can also originate from beer 
spoilage bacteria, especially Pediococcus and any off-flavor associated with bacterial 
contamination is not good. 
Diketone removal depends on the metabolic activity of the yeast and not all yeast strain 
is able to reduce diacetyl effectively. For a given strain of yeast the efficiency of diacetyl 
reduction depends on the metabolic state of the yeast. Yeast that has been stored for a long 
time or has been stored worm, or yeast which is not provided with the proper nutrients, is not 
able to reduce diacetyl efficiently.  
 
MATERIAL AND METHOD 
 
Because diacetyl removal is important in achieving an acceptable beer flavor, our pilot 
plant program for research and development has been directed to optimization and reducing 
the time of maturation stage. The optimization is complicated by a number of factors that can 
influence diacetyl formation and removal. These include: the yeast strain, the condition of the 
pitching yeast, the wort composition, the wort gravity, the process management of the 
fermentation and the size and the shape of the fermentation vessels.Pilot plant fermentations 
were carried out in unitank process with pilsner type wort, prepared by infusion mashing 
regime with 100 % malt (figure 1) 
A bottom fermentation yeast strain was used and the pitching rate was 0.5 l (60 % 
consistency and 90% viability) slurry yeast of brewing wort. During fermentation samples 
were taken from sample valve for determination of degree Plato and pH. Samples for diacetyl 
analysis were taken 24 h after pitching and at regular intervals until day 7. 
For determination of diacetyl concentration a gas chromatography method based on 
EBC method 9.24.2(3) was used. Standard beer parameters were measured according to the 
procedure establish by European Brewery Convention. 
Four pilots brewing were carrying out by the next scheme: 
1. Control brew: wort cooling temperature at 6oC and main fermentation temperature 
at 8oC. 
2. Trial 1: wort cooling temperature at 8oC and main fermentation temperature at 
10oC. 
3. Trial 2: wort cooling temperature at 10oC and main fermentation temperature at 
12oC. 
4. Trial 3: wort cooling temperature at 12oC and main fermentation temperature at 
14oC. 
The trials have been managed to optimize the main fermentation of wort and to 
determinate the optimum point to harvest the yeast, only when the diacetyl concentration in 
green beer is under diacetyl flavor threshold.  
We use one procedure called Narziss fermentation. In the original procedure the first 
days of fermentation is done at 8-10oC. In the final days of main fermentation the temperature 
is allowed to increase to 20oC, after which the beer is transferred to cold storage.  
 
 
 
 
 
 
 
 
RESULTS 
 
The fermentation profiles for all four trials are presented in figure 2. Trial 3 was 
carried out for fermentation at 14oC – as warm rest, not as drastically as Narziss 
recommended to avoid the yeast stress.  
All the fermentation parameters have been recorded and a taste evaluation for 
organoleptic detection of diacetyl has been done.  
Figure1. Mashing regime 
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Figure 2. Fermentation temperature 
profile 
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The evolution of diacetyl concentration during primary fermentation is presented in 
figure 3.After that, the yeast was harvest and the maturation was performed at 1-2oC in 
cilindroconical tank. 
 
Figure 3.Diacetyl during wort fermentation
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The results demonstrate the significant effect of temperature on diacetyl level. In the 
control brew diacetyl was higher than all other brews and with a very slow reduction speed. 
The final value after 7 days of main fermentation it was above the level of the flavor 
threshold. 
The final concentration of diacetyl after maturation period (total process time 24 days) for 
control beer and tests are presented in table. 1. 
 
Figure 5. RDF during wort 
fermentation
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Figure 4. pH during wort 
fermentation
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 Table 1. Beer trials analyses 
 
Parameters Control Trial 1 Trial 2 Trial 3 
Diacetyl, ppb 56 43 34 24 
Alcohol, w/w 4.82 3.87 4.25 4.44 
Alcohol, v/v 6.12 4.91 5.39 5.66 
Original extract,oP 12.85 10.49 11.21 12.6 
Real extract,oP 3.56 2.93 2.94 4.11 
Present extract,oP 1.38 1.15 0.99 2.09 
RDF, % 72.28 72.00 73.77 67.58 
Calories, kcal/kg 468 381 436 461 
Colour, EBC 8.7 15.6 7.8 10.8 
Bitter units, BU 16.0 22.1 22.7 27.6 
pH 4.58 4.77 4.65 4.67 
 
 
DISCUSIONS 
 
Temperature and pitching yeast 
Higher pitching rate and temperature decrease the diacetyl level in the beer. The 
acetolactic acid will be formed earlier and decomposed earlier and the diacetyl more quickly 
removed. Higher pitching rate also accelerate fermentation. 
 
Yeast strain  
The strain of the yeast has an important influence on the diketone level in the final beer. 
It is important to have yeast that will remove diacetyl at the end of fermentation and sufficient 
cells must stay suspended in the beer for a sufficient time. In this condition it is important not 
harvest the yeast ant not chill back the green beer until the diacetyl level is acceptable. 
  
Wort composition and gravity 
The nitrogen compounds of wort are important in diacetyl formation. Because of the 
known effects of valine on diacetyl production it has often suggested that the valine 
composition of the wort is of prime importance. The use of high proportion of adjuncts with 
low nitrogen content, or use of undermodified malt (small amount of amino acid) often gives 
beer with high diacetyl content. 
A close relationship between the degree of fermentation (RDF) and the diacetyl content 
may be observe from the figure 3 and 5. 
 
Aeration (oxygen concentration) 
Aeration of the pitching wort does not normally increase diacetyl level in beer. Aeration 
produces more active yeast and more acetolactic acid in early stage. 
The presence of oxygen during fermentation (accidental) can cause high diacetyl level in 
beer by accelerating the breakdown of acetolactate to diacetyl. 
 
CONCLUSIONS 
  
1. Diacetyl production and reduction are strongly influenced by temperature and the rates 
for both increases as temperature increase.  
2. Fermentation on 14oC is important for diacetyl reduction but flavor profile was no 
very pleasant as the control: less fresh with a bready (oxidized) flavor 
3. Beer with acceptable low diacetyl concentration are obtaining more quickly with a 
high pitching rate, low pitching temperature (10oC) and the temperature is raised to 
12oC when most of the carbohydrate has been utilized. 
4. The diacetyl level decreases slowly during maturation time so, it is important not 
harvest the yeast and not chill back the green beer until the diacetyl level is acceptable. 
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